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Abstract.Althought have been done important progresses in developing countries in 
environment management field, heavy metals remain an important threat for human health and 
environment components. Unlike other pollutants classes, which can be biodegradable or completely 
destroyed, metals are not biodegradable and none of metals can not be destroyed. However, metals can 
be transformed into more toxic forms or more stable complex forms which can be more or less toxic. 
In this paper, was studied the removal of hexavalent chromium from waste water using solid waste 
(charcoal made from nutshells, furnace ash). The authors studied the influence of the following 
parameters: the initial pH of solution, the contact time on the sorption capacity. The adsorbent 
efficiency to the chromium removal was also studied using chromium-plating wastewater.  
 




Carbon produced by the contact arc method (whereby graphite electrodes are arced in 
an inert atmosphere) was employed for the removal of hexavalent and trivalent chromium 
ions as well as other metal cations from aqueous solutions. It is known that hexavalent 
chromium is present as an anionic species in the solution. The carbon adsorbent used in this 
study selectively removed the anions of hexavalent chromium from the solution, whereas, 
depending upon the solution pH, no or very small uptake of metal cations was observed. On 
the other hand, commercial activated carbon showed great affinity for cations of lead, zinc, 
and trivalent chromium but none for the anion of hexavalent chromium (Lalvani, 1998). The 
effluents from electroplating, tannery, coal combustion, metallurgical industries, paints, 
pigments, printing and graphics, mine production, waste disposal, agricultural waste and 
sewage are the main sources of chromium pollution. The toxic effects of chromium on human 
beings [Erhan Demirbasa, 2004], aquatic system, plants and animals, ecosystem are well 
documented. Hence there is a need to remove chromium from aqueous solution. Carbonized 
Areca catechu shell waste has been used as an adsorbent for the removal of hexavalent 
chromium from aqueous solution. The optimum contact time for effective adsorption of Cr 
(VI) from aqueous solution has been determined (Renugadevi et all., 2010). In the study is 
focused on removal of hexavalent chromium from aqueous solution using an eco-friendly 
adsorbent, activated carbon prepared from the pods of Delonix regia. The effect of optimum 
dosage, pH and initial concentration of adsorbate on the effective removal of hexavalent 
chromium has been studied. The results of the study show the adsorption of Cr(VI) to be 
concentration and pH dependent (Renuga et all., 2010). 
The adsorption of Cr(VI) by a number of materials such as leaf mould (Sharma and 
Forster, 1994a), activated groundnut husk carbon (Srinivasan et al., 1991), coconut husk and 
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palm pressed fibers (Tan et al., 1993), coconut shell activated carbon (Alaerts et al., 1989), 
coconut shell, wood and dust coal activated carbons (Selomulya et all., 1999), coconut jute 
carbon (Chand et al., 1994), coconut tree sawdust carbon (Selvi et al., 2001), sawdust and 
used tires carbon (Hamadi et al., 2001), phosphate treated sawdust (Ajmal et al., 1996), 
cactus, olive stone/cake, wool, charcoal and pine needles (Dakiky et al., 2002), rice husk 
carbon (Low et al., 1999), moss (Lee et al, 1995), sphagnum moss peat (Sharma and Forster, 
1993), coconut fiber compost, maize cob, sugar beet pulp and cane bagasse (Sharma and 
Forster, 1994b), hazelnut shell carbon (Kobya, 2004), almond shell carbon (Candela et al., 
1995), corncob (Bosinco et al., 1996), cow dung carbon (Das et al., 2000), waste slurry 
(Srivastava et al., 1989) and carbon slurry (Singh and Tiwari, 1997) have been reported in the 
literature. Thermal plants resulting ashes represents an waste with important influence on 
environment due to the high quantities generated and the huge soil areas pulled off from 
agriculture round. A lot of studies [Voina 1981, Ionescu, 1997, Georgescu, 2000, Puri 2000] 
are made regarding characterization and valorification of this wastes from our country based 
on, puzzolanic activity of ashes. In this study, three activated carbons prepared from 
agricultural wastes and furnace ash are used to remove Cr(VI) from aqueous solution. A 
kinetic study was carried out using pH, type of material and time of contact as parameters. 
 
MATERIALS AND METHODS 
 
Preparation of activated carbon 
Coconut shells were collected from the Dragasani village in Vîlcea county. The shells were 
cut into small pieces, dried in sunlight for 5 days and further dried in a hot air oven at 600 C 
for 24 hours. The completely dried material was powdered well and chemically activated by 
treating with concentrated sulphuric acid with constant stirring and kept for 24 hours at room 
temperature. Was washed with distilled water and sodium acid carbonate 1% until the pH of 
the active carbon reached value 6.8. The carbonized material obtained washed well with 
plenty of water several times to remove excess acid and dried at 2000 C in a hot air oven for 
24 hours. The adsorbent thus obtained was ground well and sieved through a 125 mesh and 
kept in an airtight container for further use. 
Tab. 1  
The characteristics of the mass adsorbents 
Parameters Nutshell 
Bulk density (g/ml) 0.47 
Ash content (%) 2.12 
pH 6.8 
Solubility in water (%) 0.79 
Solubility in 0,25 MHCl (%) 1.22 
Furnace ash 
Furnace ash coming out from Rovinari thermal situated in Dolj county. Chemical composition 
of ash was determined on the sample previoulsy calcined at 800 ºC. The results obtained 
being presented in table 2. 
 
Tab. 2  
The characteristics of the furnace ash 
Parameters Furnace ash 












Preparation of Cr (VI) metal ion solution 
All chemicals used were of analytical grade. In order to assess the performance of the 
low-cost adsorbent prepared and to avoid interference by other contaminants in waste water, 
the experiments were conducted with aqueous solution of Cr (VI) prepared by dissolving 
potassium dichromate in double distilled water. 
Effect of contact time on the adsorption of Cr (VI) 
50 ml of Cr (VI) standard solutions containing 10 mg/l of chromium (VI) was added 
with 1 g of the adsorbent taken in Erlenmeyer bottles and shaken in an electrical horizontal 
bench shaker for various time intervals (0 to 90 minutes) at room temperature and at variable 
pH (1.2-7.4). The solutions were filtered and Cr (VI) concentrations in the filtrate were 
estimated colorimetrically by diphenyl carbazide method.  
Effect of variation of pH on the adsorption of Cr(VI) 
The optimum pH for the maximum Cr (VI) sorption was found by varying the pH from 
1.2 to 7.4.The pH of the solution was adjusted using dilute sulphuric acid and it was measured 
using pH meter. 50 ml samples were contacted with 1g of adsorbent by altering the pH of the 
solution. These solutions were shaken for various time intervals (0 to 90 minutes) in an electrical 
horizontal bench shaker. The solutions were filtered and analyzed colorimetrically to find the 
sorption potential of Cr (VI) from aqueous solution for the variation of pH from 1.2 to 7.4. 
 
RESULTS AND DISCUSSION 
 
Effects of pH variation on Cr (VI) removal from aqueous solution 
The relative concentration of each of these species depends on both the pH of the 
contaminated water (Fig. 1). In the experimental study were chosen pH values between 1.2 




Fig. 1. Distribution of Cr(Vl) species as a function of pH. 
 
In order to optimize the pH for maximum Cr (VI) removal, experiments were conducted 
with 50 ml of 10 mg/l of Cr (VI) solution with 1 g adsorbent by varying the pH, pH – 1.2 to 7.4 at 







































Fig. 2. The pH value inffluence  Fig. 3. The pH value inffluence on Cr (VI) 
on Cr (VI) adsorbtion efficiency  adsorbtion efficiency on furnace ash 
                          on active carbon (nutshells) 
 
The results indicate a maximum sorption of (80 %) at pH 1.2 in 90 minutes of contact 
time from active charcoal and 78 % for furnace ash at pH 5.44. The decrease in sorption at higher 
pH may be due to the negative charges on the surface of the sorbent repelling the negatively 
charged chromate ions.  
The variation in adsorption capacity in this pH range is largely due to the influence of 
pH on the adsorption characteristics of the carbon and furnace ash which indicates that the 
sorption capacity of the sorbent is clearly pH dependent. The optimum pH was observed with 
80 % Cr(VI) removal at acid pH values. Chromium exists mostly in two oxidation states 
which are Cr (VI) and Cr (III) and the stability of these forms is dependent on the pH of the 
system. Maxium Cr (VI), which is the predominant species between pH 1 and 6, which is 
sorbed preferentially on the sorbents. Results also show that the sorption reaction can be 
approximated with the pseudo second-order kinetic model. The smallest value of correlation 
coefficient was > 0.991 (Table 3). 
The pseudo first-order equation 






−=     [1] 
Where: 
qe and qt are the adsorption capacity respectively at equilibrium and at time t, mg·/g, 
k1 is the rate constant of pseudo first-order adsorption, l·/min, 
The initial conditions are t=0 si t=t; qt=0 si qt=qe. This equation becomes:  
t
kqqq ete 303,2
)log()log( −=−    [2] 
The values of log (qe - qt) were linearly correlated with t. The plot of log (we - qt) vs. t should 
give a linear relationship from which k and we can be determined from the slope and intercept 
of the plot, respectively. 
Tab. 3  
The adsorption kinetic model rate constants for the 
Furnace ash and nutshell at different values of Ph 
 
Pseudo first order 
Sorbent Initial pH 
R2 k 
1.2 0.95 13.38 
5.44 0.98 10.78 furnace ash 
7.4 0.97 11.49 
1.2 0.9881 11.47 
5.44 0.991 8.98 nutshell 
7.4 0.99 10.161 
 
In order to find the optimal adsorbent mass that may be used for the Cr (VI) optimum 
removal, a series of experiments were done by contacting different quantities of adsorbent and 
50 ml Cr (VI) solution. After contact time, the sample was filtrated and the Cr (VI) 
concentration in the solution is analysed. 
The Elovich equation 




dq βα −=    [3] 
where: 
 = initial sorption rate (mg/g·min) 
 = sorption constant during the experiment, (g/mg) 
To simplify the Elovich equation is assumed that >>and by applying the boundary 
conditions q t = 0 at t=0 and qt = qt at t=t. The ecuation becomes: 
( ) )tln(1ln1qt ββαβ +⋅=    [4] 
If Cr (VI) sorption fits the Elovich model, a plot of qtvs. Ln (t) should yield a linear 






















Tab. 4.  
The sorption kinetic model rate constants for the 
Furnace ash and nutshell at different values of pH 
 
Elovich parameters 
Sorbent Initial pH 
  r2 
1.2 0.125 33.900 0.987 
5.44 0.137 16.703 0.965 furnace ash 
7.4 0.641 2.341 0.967 
1.2 0.204 212.91 0.985 
5.44 0.191 76.250 0.960 nutshell 




The carbon derived from the nutshell can be used as an adsorbent for the removal of 
toxic Cr (VI) from aqueous solution. Conformation of data to the equation indicates first order 
kinetics for Cr (VI) removal by adsorption. The activated carbon prepared from the nutshell is 
inexpensive and use of the same provides an effective solution for treatment of effluents 
containing hexavalent chromium. Hence, the use of low cost carbon prepared and used as an 
adsorbent for Cr (VI) removal in this study is of practical importance and is expected to be 
economical. 
The carbon derived from the nutshell can be used as an efficient sorbent for the removal of toxic 
Cr(VI) from aqueous solution. Percentage removal of Cr(VI) increased with decrease in pH and it 
was found to increase from 65% to 80% for the variation of pH from 7.4 to 1.2. The maximum 
removal of Cr(VI) was observed at pH 1.2.  
The furnace ash from thermal can be used as an efficient sorbent for the removal of toxic 
Cr(VI) from aqueous solution. Percentage removal of Cr (VI) increased with decrease in pH and it 
was found to increase from 65% to 82% for the variation of pH from 7.4 to 1.2. The maximum 
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